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[57] ABSTRACT

A programmable logic array integrated circuit has a
plurality of programmable logic elements grouped into
a plurality of mutually exclusive groups. Each group
includes signal conductors uniquely associated with
that group for conveying signals between the program-
mable logic elements in that group. Other signal con-
ductors are provided for conveying signals between the
groups. Multiplexers can be used in various ways to
reduce the number of programmable interconnections
required between signal conductors.
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PROGRAMMABLE LOGIC ELEMENT
INTERCONNECTIONS FOR PROGRAMMABLE
LOGIC ARRAY INTEGRATED CIRCUITS

BACKGROUND OF THE INVENTION

This invention relates to programmable logic array
integrated circuits, and more particularly to program-
mable logic array integrated circuits with improved
arrangements of the programmable logic elements and
improved interconnections between those elements.

Programmable logic arrays are known in which sub-
stantial numbers of relatively elementary individual
programmable logic elements are provided in a two-di-
mensional array. The array also includes a grid of inter-
secting signal conductors for conducting logic signals
to, from, and between the programmable logic ele-
ments. Such programmable logic arrays are shown, for
example, in Carter U.S. Pat. Nos. 4,642,487, 4,706,216,
and 4,758,985, and in Freeman U.S. Pat. No. 4,870,302.

As 1ntegrated circuit fabrication techniques progress,
it becomes possible to put more and more programma-
ble logic elements on a chip. As the number of elements
Increases, it becomes important to improve the tech-
niques used to interconnect them. For example, it is
important to provide enough interconnection pathways
between the programmable logic elements so that the
capabilities of those elements can be fully utilized and so
that complex logic functions (requiring concatenation
of programmable logic elements) can be performed,
without providing so many such pathways that there is
a wasteful excess of this type of resource. Similarly, as
the number of programmable elements increases, the
complexity of the logic which can be performed also
increases. But this in turn tends to increase the complex-
ity of the task of programming the circuit unless addi-
tional logical structure is included in the circuit to help
correspondingly structure the programming task.

In view of the foregoing, it is an object of this inven-
tion to provide improved techniques for organizing and
imterconnecting the programmable logic elements in
programmable logic array integrated circuits.

It 1s another object of this invention to provide im-
proved programmable logic array integrated circuits.

SUMMARY OF THE INVENTION

These and other objects of the invention are accom-
plished in accordance with the principles of the inven-
tion by providing programmable logic array integrated
circuits 1n which signal conductors are interconnected
not by relatively large and complex programmable
interconnections, but by relatively small and simple
fixed interconnections to multiplexers which can then
be programmed to effect the desired interconnections.
Instead of having a signal conductor which crosses
several other signal conductors programmably connect-
able to each of those other conductors by programma-
ble elements at or near the intersection, a simple non-

10

15

20

25

30

33

45

30

33

programmable transverse connection is made to each of 60

those other conductors, and the transverse connections
are applied in parallel to a multiplexer. The multiplexer
can then be programmed to select one of its inputs as its
output. The output of the multiplexer can be an input to
a programmable logic element, an output from the inte-
grated circuit, or a lead which i1s programmably con-
nectable to one or more of several other conductors in
the device.
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Another interconnection technique which can be
advantageously employed in accordance with the prin-
ciples of this invention i1s to group the programmable
logic elements into a plurality of mutually exclusive
groups, each group having associated with it one or
more conductors which can only be used to intercon-
nect the elements in that group. In addition, there are
other conductors which can be used to convey signals
between the groups. Grouping the programmable logic
elements in mutually exclusive (i.e., non-overlapping)
groups helps to simplify the task of programming the
device by breaking the device down into several dis-
crete parts, each of which is smaller and more easily
managed than the whole device. Providing signal con-
ductors which serve only to interconnect the program-
mable logic elements in each group avoids tying up
much longer conductors just to make short interconnec-
tions between adjacent programmable logic elements.
This helps to reduce the required number of long con-
ductors.

In the above-described arrangement in which the
programmable logic elements are grouped and each
group 1s uniquely associated with certain interconnec-
tion signal conductors, each programmable logic ele-
ment may be augmented with a programmable output
stage which can be used either to feed the output of that
programmable logic element to conductors which go
beyond the associated group or to the interconnect
conductors of the associated group.

Multiplexers can also be used in combination with
programmable signal conductor interconnections to
allow certain of the conductors to be laid down more
densely, to reduce the size of the interconnection array,
and to reduce the capacitive loading on each output
conductor of the array. Instead of one output conductor
crossing a large number of parallel input conductors
with a programmable interconnection at each intersec-
tion of the output conductor with the input conductors
(which tends to force relatively wide spacing of the
input conductors because of the relatively large-size of
the programmable interconnections), two substantially
parallel output conductors feeding a programmably
controlled output multiplexer are used. Each of these
output conductors has a programmable interconnection
only with every other one of the input conductors, and
the input conductors which are thus connectable to one
of the output conductors are interdigitated with the
input conductors which are connectable to the other
one of the output conductors. By thus spreading the
programmable interconnections somewhat parallel to
the longitudinal axes of the input conductors, the input
conductors can be placed more closely together, which
may save valuable space on the integrated circuit. This
technique can also be used and further enhanced to
reduce the number of programmable elements required
to control the programmable interconnections between
the input and output conductors if desired. In particular,
a single programmable element can be used to control
two interconnections, one of which is on one output
conductor, and the other of which is on the other out- -
put conductor. The output multiplexer then makes the
final selection of the desired output signal. Reducing the
number of programmable elements in this way may be
especially beneficial when the programmable elements
are relatively large (e.g., as compared to the signal con-
ductor interconnection elements they control). Indeed,
it may be desirable to use more than two output signal
conductors feeding the programmably controlled out-
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put multiplexer and to have each programmable ele-
ment control one interconnection element on each of
the more than two output conductors to still further
reduce the required number of programmable elements.

Further features of the invention, its nature and vari-
ous advantages wiil be more apparent from the accom-
panying drawings and the following detailed descrip-
tion of the preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a simplified block diagram of a programma-
ble logic array integrated circuit constructed in accor-
dance with the principles of this invention.

FIG. 2 1s a more detailed block diagram of a represen-
tative portion of the circuit of FIG. 1.

FIG. 3 1s a still more detailed schematic block dia-
gram of a representative portion of FIG. 2.

FIG. 4 1s a schematic block diagram showing a por-
tion of FIG. 3 in still more detail.

FIGS. 3-9 are schematic diagrams showing alterna-
tive ways of making certain interconnections in circuits
of the type shown in other drawings.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

As shown 1n FIG. 1, an illustrative programmable
logic array integrated circuit 10 constructed in accor-
dance with this invention includes a two-dimensional
array of groups 12 of programmable logic elements.
The representative portion of FIG. 1 which 1s sur-
rounded by broken line 14 and which includes a typical
group 12 i1s shown 1n more detail in FIG. 2. The struc-
ture shown 1n FIG. 2 1s sometimes referred to herein as
a logic array block or I.LAB. Accordingly, integrated
circuit 10 (FIG. 1) is an eight by eight two-dimensional
array of 64 LABs 14.

As can be seen in FIG. 2, each LAB 14 includes 16
programmable logic elements or macrocells 20, a repre-
sentative one of which 1s shown in more detail in FIG.
3. In parucular, although other types of logic elements
- could be used instead, in the illustrative embodiment
shown in FIG. 3 each programmable logic element 20
includes a D-type flip-flop and four-input look-up table
element 22 (shown in more detail in FIG. 4) and tri-state
driver logic 24. As shown in FIG. 4, each element 22
includes a four-input look-up table 30 which is program-
mable to produce a desired binary output signal value
for each of the 16 possible combinations of its four
binary input signals. The output signal of look-up table
30 1s apphed to multiplexer 34 both directly and via
D-type flip-flop 32. Flip-flop 32 can be clocked by ei-
ther of the signals applied to multiplexer 36, 1.e., by
either a global clock signal or by one of the inputs to
look-up table 30. Multiplexers 34 and 36 are controlled
by conventional programmable elements 35 and 37
(e.g., RAM, EPROM, EEPROM, fuse, or antifuse ele-
ments). |

Returning to FIG. 1, each L AB 14 has a plurality of
signal conductors 40 (e.g., one for each of the program-
mable logic elements 20 in that LA B) which can be used
to convey signals only between the programmable logic
elements in that LAB (see also FIG. 2). Accordingly,
the conductors 40 associated with each LAB are
uniquely associated with that LAB and do not extend
beyond that I.AB. In addition, a plurality of signal con-
ductors 42 1s associated with each horizontal row of
L.ABs 14. These signal conductors can be used to con-
vey signals between LLABs in the associated horizontal
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row of LABs. For example, 80 such conductors 42 may
be provided for each horizontal row of LABs. This is
less than the number of programmable logic elements in
each horizontal row, so some of conductors 42 are con-
nected to the outputs of two programmable logic ele-
ments.

In addition to the above-described horizontal signal
conductors, there are two types of vertical signal con-
ductors other than those which have already been dis-
cussed. The first of these provide the four inputs to the
look-up table 30 in each programmable logic element
20. These conductors are not shown in FIG. 1, but are
identified by the reference number 50 in the other
FIGS. These conductors do not go outside the LAB of
the associated programmable logic element. They allow
the associated programmable logic element to receive
input signals from the conductors 40 in the associated
ILAB and/or from the conductors 42 which pass
through the associated LLAB. Each conductor 50 may
be programmably interconnectable to some or all of the
horizontal conductors 40 and 42 that 1t crosses. Only
one of the possible interconnections will generally be
made at any one time.

Conductors 50 can be configured in any of several
ways. As shown in FIG. §, for example, each conductor
50 can be a single line with programmable interconnec-
tions 32 to some or all of the horizontal conductors that
it crosses. Alternatively as shown in FIG. 6, each con-
ductor S0 can be the output signal of a multiplexer 54
which is fed by two (or more) conductors 50a and 505b.
Each of conductors 80a and 500 has programmable
interconnections 52 to a mutually exclusive subset of the
input conductors by 80a and $0b. These subsets are
chosen so that no two adjacent input conductors 40 and
42 have programmable interconnections 52 to the same
output conductors $0a and 505. By thus spacing adja-
cent programmable interconnections parallel to the
longitudinal axes of input conductors 40 and 42, it may
be possible to place the input conductors closer to-
gether. This can be an important consideration given
the large number of conductors on circuit 10. The ca-
pacitive loading on each of conductors S0g and 500 is
less than it would be on a single conductor with the
same total number of possible interconnections, thereby
allowing faster operation of the device. Multiplexer 54
is controlled to connect one of its inputs 50a or 804 to its
output 50 by programmable device §5. As another pos-
sible alternative shown in FIG. 7, each input conductor
40 and 42 which can be connected to output conductor
50 has a transverse branch conductor $0r through 50x
connected to it by a fixed connection $6. These branch
conductors are the inputs to a multiplexer 38 which can
connect any one of its tnputs to its output. Multiplexer
58 is controlled to make this connection by programma-
ble elements §9. Fixed connections 3 can be made
smaller than programmable interconnections, and they
also reduce the load on input conductors 40 and 42 as
compared to programmable interconnections such as 52
in FIGS. § and 6.

When the technique shown in FIG. 6 is used, the
number of programmable elements required to control
the interconnection elements can be dramatically re-
duced if desired by employing the enhancement shown
in FIG. 8. In particular, one programmable element 53
(e.g., a conventional RAM cell) is used to control one
interconnection element 52 associated with each of the
two or more output conductors 50a and 505 feeding
multiplexer 54. (In FIG. 8 multiplexer 54 is shown i1n
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more detail as including pass transistors 54a and 54%
respectively controlled by the “true” and “comple-
ment” output signals of programmable element 55.)
Thus when any programmable element 83 is pro-
grammed to make an input conductor to output conduc-
tor connection, two such connections are made. The
final selection of the desired connection is made by
multiplexer 54. As compared to embodiments in which
each interconnection element is controlled by a separate
programmable element, the required number of pro-
grammable elements is dramatically reduced (i.e., by
nearly one-half) by employing the technique shown in
FIG. 8. This can be especially important in the event
that the programmable elements are relatively large
(e.g., as compared to the interconnection elements)
because significantly smaller interconnection arrays can
be produced by reducing the number of programmable
elements required in the array.

Although only two conductors 502 and 504/ are
shown feeding each multiplexer 54 in FIGS. 6 and 8§, it
will be understood that larger multiplexers fed by more
than two conductors (e.g., four or eight conductors) can
be used if desired in embodiments of the type shown in
either of these FIGS. In the case of FIG. 8 type embodi-
ments with more than two conductors feeding each
multiplexer, each programmable element 53 can control
one interconnection element 52 associated with each
conductor feeding a multiplexer. This allows an even
greater reduction in the required number of program-
mable elements.

Another technique which can be used in accordance
with this invention to provide interconnections between
input conductors such as 40 and 42 and output conduc-
tors such as 50 1s shown in FIG. 9. Instead of providing
large numbers of programmable interconnections

where input conductors 40 and 42 intersect output con-
ductiors 30, each input conductor has a transverse
branch 43 fixedly connected to it. Several of these trans-
verse branches are grouped as inputs to multiplexers 45.
Each of multiplexers 45 is controlled by associated
programmable elements 47 to select one of its inputs as
its output 49. Each multiplexer output conductor 49 is
extended (as an additional input conductor) across out-
put conductors 30 and has programmable interconnec-
tions 52 to some or all of those output conductors. The
technique shown in FIG. 9 reduces the size of the grid
of intersecting conductors 40, 42, and S0 by reducing
the number of programmable interconnections 52 that
are employed. It also reduces the loading on input con-
ductors 40 and 42.

Although the techniques described above in connec-
tion with FIGS. 6-9 are illustrated in the context of the
signal conductors connected to logic elements 20, it will
be understood that these techniques are equally applica-
ble anywhere a cross point switch type interconnection
1s required between first and second groups of conduc-
tors on an integrated circuit.

Returning to the description of the vertical conduc-
tors in FIGS. 1-3, the other type of vertical conductors
are identified by the reference number 60 in the FIGS.
These are the only vertical conductors that extend be-
tween the horizontal rows of LABs 14. As can be seen
in FIG. 2 there are two conductors 60 associated with
each programmable logic element position across the
circuit. In other words, the left-most pair of conductors
shown in FIG. 2 extend along the entire vertical dimen-
sion of circuit 10 and have the same relationship to the
Jeft-most programmable logic element in each horizon-
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tal row that they are shown to have in the representa-
tive LAB shown in FIG. 2.

The manner in which the two conductors 60 associ-
ated with each vertical column of programmable logic
elements 20 are utilized is more apparent in FIG. 3.
Conductor 60g is connected only to one input of multi-
plexer 62 in the tri-state driver 24 of representative
programmable logic element 20. (In at least some other
elements 20 1n this vertical column, conductor 60a is

instead connected in the manner shown for conductor
605 1n FIG. 3.) Conductor 60b is connected both to an
input of multiplexer 62 and the output of tri-state driver
element 64. (In at least some other elements 20 in this
vertical column, conductor 605 is instead connected in
the manner shown for conductor 60a in FIG. 3.) Note
that the remaining input to multiplexer 62 and the input
to element 64 1s the output of logic module 22. The
output of multiplexer 62 is applied to tri-state driver
element 66. The output of tri-state driver element 66 is
connected to one of long horizontal conductors 42. The
connection made by multiplexer 62 and whether each of
elements 64 and 66 is on or off are controlled by pro-
grammable elements 63, 65, and 67.

From the foregoing it will be apparent that conduc-
tors 60 can be used to convey signals from one horizon-
tal row of ILABs 14 to another horizontal row. For
example, a programmable logic element output signal
applied to conductor 6056 via element 64 in FIG. 3 can
be output from the multiplexer 62 in any other verti-
cally aligned programmable logic element (or elements)
and thereby put on the horizontal conductor 42 to
which that multiplexer output is connected. From that
horizontal conductor 42 the signal can be picked up by
any conductor 50 to which that horizontal conductor 1s
connectable. Note that elements 62 and 66 can alterna-

tively be used to apply the output signal of the associ-
ated logic module 22 to the associated long horizontal
conductor 42 so that in addition to being available as an
input to other programmable logic elements in the asso-
ciated L AB (via the associated short horizontal line 40),
that logic module output can also be made available for
input to programmable logic elements in other LABs in
the associated horizontal row. Tri-state driver module
24 allows the logic module output signal which is being
used in this way to be simultaneously applied to one of
conductors 60 via element 64. On the other hand, any
tri-state driver module 24 which is not being used to
apply the output signal of the associated logic module
22 to a long horizontal conductor 42 is free for use in
connecting a vertical conductor 60a or 605 to that long
horizontal conductor.

Inputs and outputs (not shown) to integrated circuit
10 can be connected in any desired manner (e.g., by
connecting selected conductors 42 or 60 to input and/or
output pads via suitable input and/or output drivers).

Grouping programmable logic elements 20 into mu-
tually exclusive LAB groups, each with associated
short horizontal conductors 40 for transferring data
among the programmable logic elements in that group,
not only helps to improve the organization of the circuit
(thereby simplifying programming), but also greatly
reduces the number of long conductors (e.g., 42) that
are needed. This in turn saves valuable space on the
circuit chip.

It will be understood that the foregoing is merely
illustrative of the principles of.this invention, and that
various modifications can be made by those skilled in
the art without departing from the scope and spirit of
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the invention. For exampie, the number of look-up table
22 1inputs is arbitrary and can be made more or Jess than
four if desired. Similarly, the number of programmable
logic elements 20 per LAB is arbitrary and can be made

8

means for selectively connecting said multiplexer
output lead to each of said programmable logic
element input leads.

4. The apparatus defined in claim 3 wherein said

more or less than 16 if desired. The number of LABs 14 5 means for selectively connecting said multiplexer out-

on the chip is also arbitrary and can be made more or
less than 64 if desired. The number of conductors 40, 42,
and 60 can also be varnied if desired.

What 1s claimed is:

1. In a programmable logic array having plurality of
programmable logic elements, each of which has at

least one programmable logic element output lead and
at least one of which has at least one programmable

logic element input lead, means for selectively connect-
ing any one of said programmable logic element output
leads to said programmable logic element input lead
comprising:

a multiplexer having a plurality of multiplexer input
leads and a multiplexer output lead for selectively
connecting any one of its multiplexer input leads to
its multiplexer output lead;

means for connecting each of said programmable
logic element output leads to a respective one of
said multiplexer input leads; and

means for connecting said multiplexer output lead to
said programmable logic element input lead, the
programmable logic elements being arranged in an
array of mutually exclusive groups, said means for
connecting each of said programmable logic ele-
ment output leads to a respective one of said multi-
plexer input leads comprising first conductors
which can only be used to connect said program-
mable logic elements within said mutually exclu-
sive groups, second conductors which can be used
to convey signals between said mutually exclusive
groups, and branch conductors connected between
said multiplexer input leads and said first and sec-
ond conductors, said branch conductors making
fixed connections with a selected number of said
first and second conductors.

2. The apparatus defined in claim 1 further compris-
Ing: |
programmable means for controlhing the connection

made by said multiplexer.

3. In a programmable logic array having a plurality of
programmable logic elements, each of which has at
least one programmable logic element input lead and at
least one programmable logic element output lead,
means for selectively connecting said programmable
logic element output leads to said programmable logic
element input leads comprising:

a multiplexer having a plurality of multiplexer input
leads and a multiplexer output lead for selectively
connecting any one of its multiplexer input leads to
its multiplexer output lead, each of said multiplexer
input leads being connected to a respective one of
a plurality of said programmable logic element
output leads; and

means for selectively connecting said multiplexer
output lead to said programmable logic element
input leads, wherein said programmable logic ele-
ment output leads cross said programmable logic
element input leads without possibility of intercon-
nection, and wherein said means for selectively
connecting comprises:

a multiplexer output lead which crosses said pro-
grammable logic element input leads; and
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put lead to each of said programmable logic element
input leads comprises:

a programmable interconnection between said multi-
plexer output lead and each of said programmable
logic element input leads.

5. Apparatus for connecting any one of a plurality of

first conductors on an integrated circuit to any one of a
plurality of second conductors on said circuit compris-

ing:

a multiplexer having a plurality of multiplexer input
leads and a multiplexer output lead for selectively
connecting any one of its multiplexer input leads to
its multiplexer output lead, each of said multiplexer
input leads being connected to a respective one of
said first conductors; and

means for selectively connecting said multiplexer
output leads to any of said second conductors,
wherein said second conductors cross said first
conductors without possibility of interconnection,
wherein said multiplexer output lead crosses said
second conductors, and wherein said means for
selectively connecting comprises:

means for selectively connecting said multiplexer
output lead to each of said second conductors.

6. The apparatus defined in claim § wherein said
means for selectively connecting said multiplexer out-
put lead to each of said second conductors comprises:

a programmable interconnection between said multi-
plexer output lead and each of said second conduc-
tors. |

7. Apparatus for applying a signal on any one of a
plurality of first signal conductors on an integrated
circuit to a signal utilization input terminal of a signal
utilization device on said circuit comprising:

a plurality of second signal conductors, each of
which 1s selectively connectable to one conductor
in a respective subplurality of said first signal con-
ductors, each of said respective subpluralities of
selectable connections to said first signal conduc-
tors being mutually exclusive; and

a multiplexer having a plurality of multiplexer input
leads and a multiplexer output lead for selectively
connecting any one of its multiplexer input leads to
its multiplexer output lead, each of said multiplexer
input leads being connected to a respective one of
said second signal conductors, and said multiplexer
output lead being connected to said signal utiliza-
tion input terminal of said signal utilization device.

8. The apparatus defined in claim 7 wherein said first
signal conductors are substantially parallel to one an-
other, wherein said second signal conductors are sub-
stantially parallel to one another and transverse to said
first signal conductors, and wherein the first signal con-
ductors in each of said subpluralities are interdigitated
with the first signal conductors in each other of said
subpluralities.

9. The apparatus defined in claim 7 further compris-
ing:

programmable means for controlling the connection
made by said multiplexer.

10. The apparatus defined in claim 7 wherein the

selective connections between said first and second
signal conductors are made by programmable intercon-
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nections between said first and second signal conduc- tors in order to selectively connect to the program-
tors. mable logic element input leads.
11. The apparatus defined in claim 10 wherein asin- 18, The device defined in claim 16 further compris-

gle programmable element controls the programmable  ing:
Interconnection between at least two of said second 5  gate means associated with at least one of the pro-

signal conductors and said ﬁl:St sigpal conductc_)r S. | grammab]e logic elements for se]ective]y app]ying

12. The apparatus defined in claim 10 wherein a sin- the signal to the programmable logic element out-
gle Programmab!e element controls (1) th“—: programma- put lead that is connected to an associated third
ble interconnection between a first of said first signal signal conductor.

conductors and a first of said second signal conductors, 10 19  The device defined in claim 18 further compris-
and (2) the programmable interconnection between a ing:

second of said first signal conductors and a second of programmable means for controlling whether or not

said second signal conductors. | | said gate means applies the associated programma-
13. A programmable logic array device having a ble logic element output signal to the associated

plurality of programmable logic elements, each of 15 third signal conductor.

which has at least one programmable logic element 20. The device defined in claim 16 wherein at least
input lead and at least one programmgble logic elemf:nt one of said programmable logic elements comprises:
output lead, said programmable logic elements being a multiplexer for selectively connecting one of a plu-
grouped into a plurality of mutually exclusive groups, rality of multiplexer input leads to a multiplexer

said devic? comprisin_g= _ 0 output lead, a first of said multiplexer input leads
a plurality of first signal conductors uniquely associ- being connected to the programmable logic ele-

ated with each of said groups for selectively con- ment output lead of at least one of said programma-
necting the programmable logic element output ble logic elements, a second of said multiplexer

leads of each group to the programmable logic input leads being connected to one of said third

elemgnt Input Ieads. of that group; and . 2> signal conductors, and said multiplexer output lead
a plurality of second signal conductors for selectively being connected to one of said second signal con-

connecting the programmable logic element output
& PTOE & P ductors.

lead of at least one of the programmable logic ele- . . : :
ments in at least one of said groups to at least one of o g2'1. The device defined in claim 20 further compris-

the programmable logic element input leads of 30 . :
PTOE 8 P programmable means for controlling the connection

another group. de by said multin]
14. The device defined in claim 13 wherein each of made by said mulliplexer. _ L
22. A programmable logic array integrated circuit

said second signal conductors can receive a signal from Hav: lof oh ..
any one of an associated plurality of said programmable aving top, bottom, left, and aright edges, comprising:

logic element output leads, and wherein said device 35 & plurality of horizontal conductors, each extending

further comprises: continuously from the left edge to the right edge of
gate means associated with each of said programma- the creuit; ' |
ble logic element output leads for selectively apply- a plurality of vertical conductors, each extending
ing the signal to the programmable logic element continuously from the top edge to the bottom edge
output lead that is connected to the associated 40 of the circuit, the vertical conductors being sub-
second signal conductor. stantially perpendicular to the horizontal conduc-
15, The device defined in claim 14 further compris- tors; and | | |
ing: a plu_rahty of loglfz array blocks disposed on_the Cir-
programmable means for controlling whether or not cuit in a two-dimensional array, each logic array
said gate means applies the signal on the associated 45 block comprising: o '
programmable logic element output lead to the an equal number of substantially identical program-
associated second conductor. mable logic elements, each programmable logic
16. The device defined in claim 13 wherein said element }}aving at least one programmable logic
groups are disposed on said device in a two-dimensional eler_nent input and at least one programmable
array, wherein said second signal conductors are sub- 50 logic element output, and
stantially parallel to a first dimension of said two-dimen- a plurality of local conductors that may be selec-
sional array and conduct signals between groups which tively connected to only the programmable logic
are arrayed substantially parallel to said first dimension, element mputs and outputs in the same logic
and wherein said device further compnses: array block, the plurality of local conductors
a plurality of third signal conductors substantially 55 conducting signals being between programmable
parallel to a second dimension of said two-dimen- logic elements within that block, wherein:
sional array for selectively connecting the pro- the programmable logic element inputs are selec-
grammable logic element output lead of at least one tively connectable to the horizontal conductors,
of the programmable logic elements in a group to and the programmable logic element outputs are
at least one of the programmable logic element 60 selectively connectable to the horizontal and the
input leads of another group, the third signal con- vertical conductors, the horizontal conductors
ductors conducting signals between groups which only being connectable to the vertical conductors
are arrayed substantially parallel to said second through programmable connections, each logic
dimension. analog block being associated with a distinct sub-
17. The device defined in claim 16 further compris- 65 plurality of the horizontal conductors and a distinct
ing: subplurality of the vertical conductors, and each
means for selectively connecting each of said third logic array block being disposed adjacent to the

conductors to selected ones of said second conduc- associated conductors. -
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23. The programmable logic device defined in claim
22 wherein each programmable logic element has a
flip-flop for receiving and processing data signals from
the programmable logic element input.

24. The programmable logic device defined in claim
23 wherein each programmable logic element has a
look-up table connected between the programmable
logic element input and the flip-flop for receiving the
data signals from the programmable logic element input
and providing the data signals to the flip-flop.

25. The programmable logic device defined i1n claim
22 wherein each programmable logic element com-
prises: |

input logic means connected to the programmable

logic element input for receiving and processing
data signals from a horizontal conductor that is
connected to the programmable logic element in-
put; and

switch means connected to the input logic means and

connected between a horizontal conductor that 1s
among the subplurality of the horizontal conduc-
tors that are associated with the logic array block
that contains the programmable logic element and
a first vertical conductor that is among the subplu-
rality of the vertical conductors that are associated
with the logic array block that contains the pro-
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grammable logic element, the switch means being
programmable for selectively providing a conduct-
ing path between the associated horizontal conduc-
tor and the associated first vertical conductor, be-
tween the input logic means and the associated first
vertical conductor, and between the input logic
means and the associated horizontal conductor, the
switch means further being programmable for se-
lectively providing the conducting path between
the associated horizontal and first vertical conduc-
tors while allowing the input logic means to simul-
taneously provide the processed data signals to the
programmable logic element output.

26. The programmable logic device defined in claim
25 wherein the switch means further is connected to a
second vertical conductor that is among the subplural-
ity of the vertical conductors that are associated with
the logic array block that contains the programmable
logic element, the switch means being programmable
for selectively providing a conducting path between the
associated horizontal and second vertical conductors
while allowing the input logic means to simultaneously
provide the processed data signals to the programmable

logic element output.
* * % ¥ *
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